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(54) Steam cooling system for balance piston of a steam turbine and associated methods 



(57) A steam cooling system (30) and associated 
methods are provided which have a first high pressure 
(HP) steam turbine (12) having a straight through con- 
figuration, a second intermediate pressure (IP) steam 
turbine (16) having a straight through configuration 
positioned adjacent the first HP steam turbine (12), and 
a balance piston (40) positioned adjacent the inlet (17) 
of the second IP steam turbine (16) and between the 
second IP steam turbine (1 6) and the first HP steam tur- 
bine (12). A steam cooling conduit (32) is preferably 
positioned to have an inlet adjacent the first HP steam 
turbine (12) and an outlet adjacent the balance piston 
(40) for providing a steam cooling path therebetween. 
The system (10) also has a controller (31) positioned to 
control cooling steam pressure, a cooling steam control 
valve (35) connected to the conduit (32) and the control- 



ler (31), a first pressure sensor (33) in communication 
with the controller (31) and positioned adjacent the inlet 
(17) of the IP turbine (16) and downstream from the bal- 
ance piston (40) for sensing inlet pressure to the second 
IP steam turbine (16) r and a second pressure sensor 
(34) positioned in communication with the controller 
(31) in the conduit (32) upstream from the first pressure 
sensor (33) and the balance piston (40) and down- 
stream from the cooling steam control vaJve (35) for 
sensing conduit cooling steam pressure so that the 
cooling steam control valve (35) operationally opens 
and closes to maintain the cooling steam conduit pres- 
sure at a predetermined level greater than the inlet 
pressure of the second IP turbine (16). 
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Description 

Held of The Invention 

[0001] This invention is related to the power gen er- 5 
ation industry and, more particularly, to the field of elec- 
trical power generators. 

Background of the Invention 

w 

[0002] In the power generation industry, steam tur- 
bines are often used to generate electrical power. The 
steam turbines often are positioned in a series of vary- 
ing steam pressures so that a high pressure (HP) tur- 
bine, an intermediate pressure (IP) turbine, and a low is 
pressure (LP) turbine are respectively positioned one 
after the other. With reaction blading, the reaction of 
steam causes the blades of the rotor to turn. The reac- 
tion blading provides a very high pressure drop and, 
accordingly, the thrust across the rotor is quite high. 20 
Accordingly, an imbalance can arise between the HP 
turbine and the IP turbine and/or the LP turbine. 
[0003) Although a split flow turbine can be used in 
an attempt to reduce or eliminate the thrust for the IP 
and/or combined IP-LP turbines, split flow turbine 25 
designs can be expensive and complex. Combined IP- 
LP turbines with a split flow design also have a thermal 
efficiency loss associated with the redirecting of the 
steam from the exit of the IP section of blading to the 
inlet of the LP section of blading. Accordingly, for certain 30 
applications, an IP turbine and/or a combined IP-LP tur- 
bine with reaction blading and a straight through flow 
configuration is desirable. 

[0004] Therefore, as an alternative, a balance pis- 
ton can be positioned at the inlet to the IP and/or com- 35 
bined IP-LP turbines having a straight flow design in an 
attempt to thereby balance thrust Even with such a bal- 
ance piston, however, the turbine system can stilt have 
problems in that creep deformation of the balance pis- 
ton can occur. For example, in a large diameter balance 40 
piston positioned in such a turbine system, a large tan- 
gential stress in the rotor material can arise at running 
or operational speeds and due to the location of the bal- 
ance piston near a hot inlet of the IP turbine, creep 
deformation can also occur. 45 

Summary of the Invention 

[0005] In view of the foregoing, the present inven- 
tion provides a steam cooling system and associated so 
methods for a balance piston of a steam turbine system 
which allows a straight flow through design for each of a 
series of turbines in the system and which significantly 
reduces potential damage to the balance piston. The 
present invention also advantageously provides a 55 
steam cooling system and associated methods having 
cooling steam routed between a HP turbine and an IP- 
LP turbine to reduce potential damage to the balance 
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piston. The present invention also advantageously pro- 
vides a steam cooling system and associated methods 
having a straight through design for each of a series of 
turbines to thereby reduce the costs and complexity for 
the turbine system. The present invention further 
advantageously provides a steam cooling system and 
methods which significantly reduces or eliminates the 
efficiency losses of redirecting the steam that is found in 
a split flow combined IP-LP design. 
[0006] More particularly, the present invention pro- 
vides a steam cooling system having a first high pres- 
sure (HP) steam turbine having a straight through 
configuration, a second intermediate pressure (IP) 
steam turbine having a straight through configuration 
positioned adjacent the first HP steam turbine, and a 
balance piston positioned adjacent the inlet of the sec- 
ond IP steam turbine and between the second IP steam 
turbine and the first HP steam turbine. A steam cooling 
conduit is preferably positioned to have an inlet adjacent 
the first HP turbine and an outlet adjacent the balance 
piston for providing a steam cooling path therebetween. 
The system also has steam pressure controlling means 
connected to the conduit for controlling cooling steam 
pressure during cooling steam flow between the first HP 
turbine and the second IP turbine so that the cooling 
steam conduit pressure is operationally maintained at a 
predetermined level greater than the inlet pressure of 
the second IP turoine. 

[0007] The steam pressure controlling means pref- 
erably includes a controller positioned to control cooling 
steam pressure, a cooling steam control valve con- 
nected to the conduit and the controller, a first pressure 
sensor in communication with the controller and posi- 
tioned adjacent the inlet of the IP turbine and down- 
stream from the balance piston for sensing inlet 
pressure to the IP turbine, and a second pressure sen- 
sor positioned in communication with the controller in 
the conduit upstream from the first pressure sensor and 
the balance piston and downstream from the cooling 
steam control valve for sensing conduit cooling steam 
pressure so that the cooling steam control valve opera- 
tionally opens and closes to maintain the cooling steam 
conduit pressure at a predetermined level greater than 
the inlet pressure of the second IP turbine. 
[0008] The present invention also includes a 
method of steam cooling a turbine system. The method 
preferably includes positioning a balance piston 
between first and second steam turbines and adjacent 
the inlet of the second steam turbine, providing a steam 
cooling path between the first and second steam tur- 
bines and in communication with the balance piston, 
and controlling cooling steam pressure during cooling 
steam flow between the first and second steam turbines 
so that the cooling steam conduit pressure is operation- 
ally maintained at a predetermined level greater than 
the inlet pressure of the second steam turbine. 
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Brief Description of the Drawings 

[0009] Some of the features, advantages, and ben- 
efits of the present invention having been stated, others 
will become apparent as the description proceeds when 5 
taken in conjunction with the accompanying drawings in 
which: 

FIG. 1 is sectional side elevation a I view of a steam 
cooling system for a balance piston positioned In a to 
series of turbines according to the present inven- 
tion; 

FIG. 2 is an enlarged front elevational view of a con- 
trol valve of a steam cooling system for a balance 
piston according to the present invention; is 
FIG. 3 is a schematic block diagram of a steam 
cooling system for a balance piston in a series of 
turbines according to the present invention; and 
FIG. 4 is an enlarged side elevational view of por- 
tions of a steam cooling system for a balance piston 20 
according to the present invention. 

Detailed Description of Preferred Embodiments 

[001 0] The present invention will now be described 25 
more fully hereinafter with reference to the accompany- 
ing drawings, in which preferred embodiments of the 
invention are shown. This invention may, however, be 
embodied in many different forms and should not be 
construed as limited to the illustrated embodiments set 30 
forth herein. Rather, these illustrated embodiments are 
provided so that this disclosure will be thorough and 
complete, and will fully convey the scope of the inven- 
tion to those skilled in the art. Like numbers refer to like 
elements throughout, and prime and double prime nota- 35 
tion if used indicate similar elements in alternative 
embodiments. 

[001 1] FIGS. 1 and 3 illustrate a steam cooling sys- 
tem 30 for a balance piston 40, as understood by those 
skilled in the art, positioned between a first high pres- *o 
sure (HP) steam turbine 12 having a straight through 
configuration and a second intermediate pressure (IP) 
steam turbine 16 having a straight through configuration 
positioned adjacent the first HP steam turbine 12 of a 
steam turbine power generation system 10. A low pres- 45 
sure (LP) steam turbine 9 can also form part of the tur- 
bine system 10, e,g., downstream from the IP turbine or 
as part of the IP-LP turbine. The balance piston 40 is 
positioned adjacent the rotor inlet area 17 of the second 
IP steam turbine 16 and between the second IP steam so 
turbine 16 and the first HP steam turbine 12. 
[0012] As perhaps best illustrated in FIG. 3, the 
steam turbine power generation system 10 can have a 
plurality of conduits or piping routes for the steam and a 
plurality of valves to assist in managing the system 10. 55 
As shown, for example, the HP steam turbine 12 can 
include loop vents 11, HP drains 13, a HP vent 14, a HP 
by-pass valve 15, and other valves 26. The loop vents 



1 1 , the HP drains 13, and the H P vent 1 4 preferably pro- 
vide a flow path to a condenser 22, as understood by 
those skilled in the art, which condenses the steam cir- 
culated or flowing thereto. The IP steam turbine 16 
includes hood sprays 18, IP drains 19. an LP bypass 
valve 20. and a plurality of valves 21 (e.g., interceptor 
valve (IV), reheat stop valve (RV), induction control 
valve (ICV), and induction stop valve (ISV) positioned in 
fluid communication therewith. The hood sprays 16, IP 
drains 19, and LP bypass valve 20 are also in fluid com- 
munication with the condenser 22 as well. A heat recov- 
ery steam generator 25 is also positioned in fluid 
communication with the turbines 12, 16 for generating 
steam at the respective high, intermediate, and low 
pressures. Cooled steam can also be directed to flow 
through or circulate to a re heater 24 of the heat recov- 
ery steam generator 25 as illustrated. 
[0013] The steam cooling system 30 preferably also 
includes a cooling steam conduit 32, e.g., piping, tubing, 
or line, having an inlet adjacent the first HP turbine 12 
and an outlet adjacent the balance piston 40 for provid- 
ing a steam cooling path therebetween. The system 30 
also has steam pressure controlling means connected 
to the conduit 32 for controlling cooling steam pressure 
during cooling steam flow between the first HP turbine 
12 and the second IP turbine 16. The steam pressure 
controlling means preferably includes a controller 31 
positioned to control cooling steam pressure, a cooling 
steam control valve 35 connected to the conduit 32 and 
the controller 31 , a first pressure sensor 33 in communi-, 
cation with the controller 31 and positioned adjacent the 
inlet 17 of the IP steam turbine 16 and downstream from 
the balance piston 40 for sensing inlet pressure to the IP 
turbine, e.g., preferably at the IP turbine blading as 
shown, and a second pressure sensor 34 positioned in 
communication with the controller 31 in the conduit 32 
upstream Irom the first pressure sensor 33 and the bal- 
ance piston 40 and downstream from the cooling steam 
control valve 35 for sensing conduit cooling steam pres- 
sure so that the cooling steam control valve 35 opera- 
tionally opens and closes to maintain or regulate the 
cooling steam conduit pressure at a predetermined 
level X greater than the inlet pressure of the second IP 
steam turbine 16 (see FIG. 4). 

[0014] In order to provide cooling to the IP rotor inlet 
area 17, the cooling steam system 30 is preferably used 
and will be operationally described herein. The cooling 
steam conduit 32 or line preferably obtains steam from 
two locations in the HP steam turbine 12, namely the 
HP exhaust and the HP balance piston leakoff as under- 
stood by those skilled in the art. The mixed cooling 
steam passes through the control valve 35 and into a 
hollow dowel pin in the ring, e.g., having seals as under- 
stood by those skilled in the art, upstream from the IP 
balance piston, e.g., at a six o'clock position. The cool- 
ing steam then flows to the rotor through an internal 
passage in the ring upstream from the IP balance piston 
providing cooling for the IP balance piston and first 
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stage rotor area. The amount of HP balance piston lea- 
koff steam of a HP balance piston (not shown), posi- 
tioned upstream from the HP steam turbine adjacent the 
inlet of the HP steam turbine, that is used in this system 
30 is preferably determined or controlled by the radial 
seal clearance in the HP balance piston as understood 
by those skilled In the art. The higher temperalure gland 
leakage steam Is mixed in the cooling steam conduit 32 
with the cooler HP exhaust steam to produce a cooling 
steam supply, e.g., at approximately 770, degrees Fahr- 
enheit 

[0015] During normal operation of the steam tur- 
bines 12, 16, the cooling steam control valve 35 is wide 
open. During period of operation when the interceptor 
valve 21 is regulating IP inlet flow (such as during star- 
tup and low load), however, the control valve 35 will 
modulate. In these cases the valve 35 will modulate in 
order to regulate the downstream cooling steam pres- 
sure so as not to create a thrust imbalance on the IP 
balance piston. The controller 31 controls the position of 
the control valve 35 based on the pressure ratio of the 
IP cylinder inlet pressure and the cooling steam line 
pressure measured downstream of the control valve 35. 
The controls are configured as to regulate the valve 
position of the cooling steam control valve 35 to main- 
tain a predetermined level of cooling steam conduit 
pressure, e.g., equal to 110%, of the IP inlet pressure. 
This pressure ratio approximately matches the 
expected reheater pressure drop during full load opera- 
tion. This ensures that during normal operation, the 
control valve 35 will be fully open. During roll-up, the 
cooling steam control valve 35 is not opened until steam 
is admitted to the HP steam turbine 12 and the HP 
exhaust pressure is 10% higher than the IP inlet pres- 
sure. If either the IP inlet pressure or the cooling steam 
conduit pressure inputs to the controller 31 fail, the con- 
troller 31 will automatically close the cooling steam con- 
trol valve 35. Under these conditions the operator will be 
alerted to the failure by the controller 31. The operator 
can then monitor closely the thrust bearing metal tem- 
peratures as well as the supervisor instrument rotor 
position reading for indications of excessive thrust bear- 
ing loading. 

[0016] As perhaps best illustrated in FIG. 2, the 
cooling steam control valve 35 is preferably a four-inch, 
600 pound (lbs.), globe vaJve positioned in the steam 
cooling conduit 32 between the HP steam turbine 12 
and the IP/LP steam turbine 16. The valve position is 
controlled using a current-to-pneumatic positioner 36 
which regulates the conduit pressure in a pneumatic 
actuator 37. e.g.. between 6 and 30 pounds per square 
inch (psi). An air or compressed air supply 38 is posi- 
tioned to send air through a regulator prior to entering 
the positioner 36. The pneumatic actuator 37 is 
designed such that 6 psi closes the control valve 35 and 
30 psi corresponds to a fully open position. The posi- 
tioner 36 receives a 4-20 m ill i ampere (ma) signal from 
the controller 31 which is designed lor 4 ma being 



closed and 20 ma being open. Having the air and cur- 
rent signals calibrated in such a manner ensures that 
should either the controller 31 or the pneumatic control 
signal fail, the control valve 35 will close. It will be under- 

5 stood by those skilled in the art that the controller 31 
can be either a separate controller or form a portion of a 
turbine control system which also controls the operation 
of the turbines in the system 10. Closure of this control 
valve 35 can be critical because the cooling steam con- 

io trol valve 35 also protects the thrust bearing during a 
steam turbine trip. During a trip condition, the IP/LP 
steam turbine 16 can be rapidly evacuated to the con- 
denser 22 while the HP steam turbine 12 might not 
evacuate as quickly depending primarily on the 

15 response time of the HP vent valve. A condition where 
the IP/LP steam turbine or cylinder 16 evacuates and 
the HP steam turbine or cylinder 12 does not can result 
in a large pressure difference applied to the IP balance 
piston thus thrusting the rotor. In order to limit the dura- 

20 tion of this event the cooling steam control valve 35 will 
be directed to rapidly close anytime flow is disrupted 
into the IP steam turbine 16 such as during a turbine trip 
or an overspeed protection control (OPC) action. 
[0017] The cooling steam control valve 35 is prefer- 

25 abty designed to close in one second during these 
events. To allow for this rapid closing time, a quick 
release valve 39 is provided to vent the air from the 
actuator to atmosphere (see FIG. 2). During a trip or 
OPC action, the controller 31 would rapidly set the 

30 demand to the steam cooling valve positioner 36 to a 
fully closed position. The resulting sudden drop in the 
positioner outlet pressure activates the quick release 
valve 39. Thus, this action dumps the actuator pressure 
to atmosphere and rapidly closes the valve 35. 

35 [0018] Under normal part load operation when the 
steam cooling control valve 35 is required to modulate, 
the demand signal to the positioner 36 is a slow-moving 
setpolnt from the controller 31. The quick release valve 
39 allows for normal flow of air into the actuator 37 for 

40 opening and maintaining a given valve position. For 
slow valve movement in the closed position, a bypass 
valve 42 on the cooling steam varve 35 allows air to flow 
out of the actuator 37 to the positioner 36 closing the 
valve 35 in a controlled manner. In order to ensure 

45 proper operation of the DEH output, the positioner 36, 
and the actuator 37, a limit switch 44 is preferably pro- 
vided on the cooling steam control valve 35 to indicate if 
the valve 35 has gone closed when not required. Under 
these conditions the operator would follow the monitor- 

50 ing and contingency operations described above. 

[001 9] As illustrated in FIGS. 1 -4, the present inven- 
tion also includes a method of steam cooling a turbine 
system 10. The method preferably includes positioning 
a balance piston 40 adjacent the inlet 17 of an interme- 

55 diate pressure (IP) steam turbine 12 and between the IP 
steam turbine 12 and a high pressure (HP) steam tur- 
bine 16, providing a steam cooling path between the IP 
and HP steam turbines 12, 16 and in communication 
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with the balance piston 40, and controlling cooling 
steam pressure during cooling steam flow between the 
HP steam turbine 1 2 and the IP steam turbine 1 6 so that 
the cooling steam conduit pressure is operationally 
maintained at a predetermined level greater than the 
Inlet pressure of the IP steam turbine 12. 
[0020] The step of controlling cooling steam pres- 
sure preferably includes providing a cooling steam con- 
trol valve 35 positioned in the steam cooling flow path, 
sensing a variance in pressure between the Inlet 17 to 
the IP steam turbine 16 and pressure In the steam cool- 
ing flow path upstream from the balance piston 40, and 
opening or closing at least portions of the control valve 
35 responsive to the sensed variance. The method can 
also advantageously include determining when the con- 
trol valve 35 closes when not required. The control valve 
35 can include a pneumatic actuator 37, and the 
method can further include rapidly releasing the actua- 
tor pressure to vent air from the actuator 37 to atmos- 
phere. 

[0021] Many modifications and other embodiments 
of the invention will come to the mind of one skilled in 
the art having the benefit of the teachings presented in 
the foregoing descriptions and the associated drawings. 
Therefore, it is to be understood that the invention is not 
to be limited to the specific embodiments disclosed, and 
that modifications and embodiments are intended to be 
included within the scope of the appended claims. 

Claims 

1 . A steam cooling system comprising: 

a first high pressure (HP) steam turbine having 
a straight through configuration; 
a second intermediate pressure (IP) steam tur- 
bine having a straight through configuration 
positioned adjacent the first HP steam turbine; 
a balance piston positioned adjacent the inlet 
of the second IP steam turbine and between 
the second IP steam turbine and the first HP 
steam turbine; 

a cooling steam conduit having an inlet adja- 
cent the first HP turbine and an outlet adjacent 
the balance piston for providing a steam cool- 
ing path therebetween; and 
steam pressure controlling means connected 
to the conduit for controlling cooling steam 
pressure during cooling steam flow between 
the first HP turbine and the second IP turbine 
so that the cooling steam conduit pressure is 
operationally maintained at a predetermined 
level greater than the inlet pressure of the sec- 
ond IP turbine. 

2. A cooling steam system as defined in Claim 1, 
wherein said steam pressure controlling means 
includes a cooling steam controller positioned to 
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control cooling steam pressure, a cooling steam 
control valve connected to the conduit and said 
controller, a first pressure sensor in communication 
with said controller and positioned adjacent the inlet 

5 of the IP turbine and downstream from the balance 
piston for sensing Inlet to the IP turbine, and a sec- 
ond pressure sensor positioned in communication 
with said controller in the conduit upstream from the 
first pressure sensor and the balance piston and 

io downstream from the cooling steam control valve 
for sensing conduit cooling steam pressure so that 
the cooling steam control valve operationally opens 
and closes to regulate the cooling steam conduit 
pressure at a predetermined level greater than the 

75 inlet pressure of the second IP turbine. 

3. A steam cooling system as defined in Claim 2. 
wherein the second IF turbine includes reaction 
blading. 

20 

4. A steam cooling system as defined in Claim 2, 
wherein the predetermined level substantially 
equates to expected reheater pressure drop during 
a full load operation of the first and second steam 

25 turbines. 

5. A steam cooling system as defined in Claim 4, 
wherein the predetermined level comprises 1 1 0% 
of the Inlet pressure of the second IP steam turbine. 

30 

6. A steam cooling system as defined in Claim 2, 
wherein the cooling steam pressure controlling 
means further includes an air supply connected to 
the cooling steam control valve, and wherein the 

35 cooling steam control valve includes a pneumatic 
actuator connected to the air supply tor pneumati- 
cally opening and closing the cooling steam control 
valve and a current-to-pneumatic positioner con- 
nected to the controller for receiving a p re deter- 

<o mined current from the controller and regulating the 
air supplied from the air supply to the pneumatic 
actuator for responsively opening and closing the 
cooling steam control valve. 

45 7. A steam cooling system as defined in Claim 6, 
wherein the cooling steam control valve further 
includes a bypass needle valve positioned to allow 
air to flow out of the actuator to the positioner to 
enhance controlling of the opening and closing of 

so the valve and a quick release valve positioned to 
vent air from the actuator to atmosphere. 

8. A steam cooling system as defined in Claim 1, 
wherein the conduit is positioned to receive steam 
55 from an exhaust outlet of the first HP steam turbine 
and from a balance piston leakoff outlet of the first 
HP steam turbine. 
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9. A steam cooling system comprising: 

a balance piston positioned between a first 
steam turbine and a second steam turbine and 
adjacent an inlet of the second steam turbine; s 
a cooling steam conduit having an inlet adja- 
cent the first turbine and an outlet adjacent the 
balance piston for providing a steam cooling 
path therebetween; 

a cooling steam controller positioned to control w 
cooling steam pressure within the conduit; 
a cooling steam control valve connected to the 
cooling steam conduit and the controller; 
a first pressure sensor in communication with 
the controller and positioned adjacent the inlet is 
of the second steam turbine and downstream 
from the balance piston for sensing in let pres- 
sure to the second steam turbine; and 
a second pressure sensor positioned in com- 
munication with the controller in the conduit 20 
upstream from the first pressure sensor and 
the balance piston and downstream from the 
cooling steam control valve for sensing conduit 
cooling steam pressure so that the cooling 
steam control valve operationally opens and 25 
closes to regulate the cooling steam conduit 
pressure at a predetermined level greater than 
the inlet pressure of the second steam turbine. 

10. A steam cooling system as defined in Claim 9, 30 
wherein the second steam turbine includes reaction 
blading. 

11. A steam cooling system as defined in Claim 9, 
wherein the predetermined level substantially 35 
equates to expected reheater pressure drop during 

a full load operation of the first and second steam 
turbines. 

1 2. A steam cooling system as defined in Claim 11, 40 
wherein the predetermined level comprises 1 10% 

of the Inlet pressure of the second steam turbine. 

13. A steam cooling system as defined in Claim 9, fur- 
ther comprising an air supply connected to the cool- as 
ing steam control valve, and wherein the cooling 
steam control valve includes a pneumatic actuator 
connected to the air supply for pneumatically open- 
ing and closing the cooling steam control valve and 

a current-to-pneumatic positioner connected to the so 
controller for receiving a predetermined current 
from the controller and regulating the air supplied 
from the air supply to the pneumatic actuator for 
responsively opening and closing the cooling steam 
control valve. 55 



includes a bypass needle valve positioned to allow 
air to flow out of the actuator to the positioner to 
enhance controlling of the opening and closing of 
the valve and a quick release valve positioned to 
vent air from the actuator to atmosphere. 

15. A steam cooling system as defined in Claim 9, 
wherein the conduit is positioned to receive steam 
from an exhaust outlet of the first HP steam turbine 
and from a balance piston leakoff outlet of the first 
HP steam turbine. 

16. A steam cooling controlling apparatus for control- 
ling cooling steam pressure during cooling steam 
flow between at least a pair of steam turbines, the 
apparatus comprising: 

a cooling steam controller positioned to control 

cooling steam pressure; 

a cooling steam control valve positioned to be 

connected to conduit in fluid communication 

with at least a pair of steam turbines and to said 

controller; 

a first pressure sensor in communication with 
said controller and positioned adjacent an inlet 
of at least one of the pair of steam turbines for 
sensing inlet pressure to the at least one of the 
pair of steam turbines; and 
a second pressure sensor positioned in com- 
munication with said controller in the conduit 
upstream from the first pressure sensor and 
downstream from the cooling steam control 
valve for sensing conduit cooling steam pres- 
sure so that the cooling steam control valve 
operationally opens and closes to maintain the 
cooling steam conduit pressure at a predeter- 
mined level greater than the inlet pressure of a 
downstream steam turbine of the at least a pair 
of steam turbines. 

17. An apparatus as defined in Claim 16, wherein at 
least one of the pair of steam turbines includes a 
balance piston positioned upstream from the inlet of 
the downstream steam turbine, upstream from the 
first pressure sensor, downstream from the second 
pressure sensor, and downstream from an 
upstream steam turbine of the at least a pair of 
steam turbines, the balance piston also being in 
fluid communication with the conduit and the pair of 
steam turbines. 

18. An apparatus as defined in Claim 17. wherein the 
predetermined level substantially equates to 
expected reheater pressure drop during a full load 
operation of the at least a pair of steam turbines. 



14. A steam cooling system as defined in Claim 13, 19. An apparatus as defined in Claim 18, wherein the 

wherein the cooling steam control valve further predetermined level comprises 110% of the inlet 
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pressure of the downstream steam turbine. atmosphere. 

20. An apparatus as defined in Claim 1 7, further com- 
prising an air supply connected to the cooling 
steam control valve, and wherein the cooling steam 5 
control valve includes a pneumatic actuator con- 
nected to the air supply for pneumatically opening 
and closing the cooling steam control valve and a 
current-to-pneumatic positioner connected to the 
controller for receiving a predetermined current io 
from the controller and regulating the air supplied 
from the air supply to the pneumatic actuator for 
responsively opening and closing the cooling steam 
control valve. 

is 

21. An apparatus as defined in Claim 20, wherein the 
cooling steam control valve further includes a 
bypass needle valve positioned to allow air to flow 
out of the actuator to the positioner to enhance con- 
trolling of the opening and closing of the valve and 20 
a quick release valve positioned to vent air from the 
actuator to atmosphere. 

22. A method of steam cooling a turbine system, the 
method comprising steps ot 2S 

positioning a balance piston adjacent the inlet 
of an intermediate pressure (IP) steam turbine 
and between the IP steam turbine and a high 
pressure (HP) steam turbine; 30 
providing a steam cooling path between the IP 
and HP steam turbines and in communication 
with the balance piston; and 
control ling cooling steam pressure during cool- 
ing steam flow between the HP turbine and the 3s 
IP turbine so that the cooling steam conduit 
pressure is operationally maintained at a pre- 
determined level greater than the inlet pressure 
of the IP turbine. 

AO 

23. A method as defined in Claim 22, wherein the step 
of controlling cooling steam pressure includes pro- 
viding a cooling steam control valve positioned in 
the steam cooling flow path, sensing a variance in 
pressure between the inlet to the IP steam turbine as 
and pressure in the steam cooling flow path 
upstream from the balance piston, and opening or 
closing at least portions of the control valve respon- 
sive to the sensed variance. 

so 

24. A method as defined in Claim 23. further compris- 
ing the step of determining when the control valve 
closes when not required. 

25. A method as defined in Claim 23, wherein the con- ss 
trol valve includes a pneumatic actuator, and the 
method further comprising rapidly releasing the 
actuator pressure to vent air from the actuator to 
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Steam cooling system for balance piston of a steam turbine and associated methods 



(57) A steam cooling system (30) and associated 
methods are provided which have a first high pressure 
(HP) steam turbine (12) having a straight through con- 
figuration, a second intermediate pressure (IP) steam 
turbine (16) having a straight through configuration po- 
sitioned adjacent the first HP steam turbine (12), and a 
balance piston (40) positioned adjacent the inlet (17) of 
the second IP steam turbine (16) and between the sec- 
ond IP steam turbine (16) and the first HP steam turbine 
(12). A steam cooling conduit (32) is preferably posi- 
tioned to have an inlet adjacent the first HP steam tur- 
bine (12) and an outlet adjacent the balance piston (40) 
for providing a steam cooling path therebetween. The 
system (10) also has a controller (31) positioned to con- 
trol cooling steam pressure, a cooling steam control 



vatve (35) connected to the conduit (32) and the con- 
troller (31), a first pressure sensor (33) in communica- 
tion with the controller (31) and positioned adjacent the 
inlet (17) of the IP turbine (16) and downstream Iromthe 
balance piston (40) for sensing inlet pressure to the sec- 
ond IP steam turbine (16). and a second pressure sen- 
sor (34) positioned in communication with the controller 
(31) in the conduit (32) upstream from the first pressure 
sensor (33) and the balance piston (40) and down- 
stream from the cooling steam control valve (35) for 
sensing conduit cooling steam pressure so that the cool- 
ing steam control valve (35) operationally opens and 
closes to maintain the cooling steam conduit pressure 
at a predetermined level greater than the inlet pressure 
of the second IP turbine (16). 
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